We evaluated the recording of neonatal seizures in birth certificates, hospital discharge abstracts, and maternal interviews in 372 children, 198 of them with cerebral palsy, born in Michigan hospitals from 1993 to 2010. In birth certificates, we examined checkbox items ''seizures'' or ''seizure or serious neurologic dysfunction''; in hospital discharge abstracts ICD-9-CM codes 779.0, 345.X, and 780.3; and in maternal interviews a history of seizures or convulsions on day 1 of life recalled 2-16 years later. In 27 neonates, 38 neonatal seizures were recorded in 1 or more sources, 17 in discharge abstracts, 20 in maternal interviews, but just 1 on a birth certificate. The kappa coefficient (k) between interviews and discharge abstracts was moderate (k ¼ 0.55), and substantial (k ¼ 0.63) if mothers noted use of antiepileptics. Agreement was higher (k ¼ 0.71 vs k ¼ 0.29) in term births than in preterm births. Birth certificates significantly underreported neonatal seizures.
dysfunction'' in the 2003 revision. 21, 22 United States vital registration areas based their birth certificates on 1 or the other of these 2 revisions before 2015. 23, 24 While neonatal seizures were thus recorded on both revisions of the birth certificate in circulation, the validity of this recording is uncertain, since reporting analyses of the new certificate have not yet been performed. 9, [25] [26] [27] [28] [29] Although the validity of many birth certificate items is uncertain, 30 and conditions occurring after birth certificate filing (generally within 3 days of birth) cannot be recorded, birth certificates have nonetheless been relied on as the sole data source in studies of safety measures including neonatal seizures in home births compared to hospital births. [31] [32] [33] To investigate the recording of neonatal seizures more broadly than has been done so far, we investigated 3 sources of information-birth certificates, hospital discharge abstracts, and maternal interviews undertaken as part of a case-control investigation of cerebral palsy.
Materials and Methods

Study Design and Sample Selection Procedure
We used data collected in the Origins, Wellness, and Life-history in Cerebral Palsy case-control study that enrolled children ages 2-16 and born 1993-2010 from specialty clinics in Michigan hospitals serving children with cerebral palsy and matched controls (see Figure 1 ). Cases had a physician's diagnosis of disabling cerebral palsy, which was not postnatally acquired, nor a component of a major malformation syndrome or recognized genetic syndrome. Controls, free of major brain disorders, were recruited from area primary care practices, and, for cases < 32 weeks, newborn follow-up programs, and were matched on birth year, gender, and gestational age to cases. Although we enrolled a total of 639 children (cases, matched controls and siblings of cases) in the main study, after exclusion of subjects without complete records or access to all 3 information sources, our data set consisted of 372 children, 198 of them cases, and 174 controls ( Figure 1 ). This study was approved by the Institutional Review Boards of the Michigan Department of Community Health and Michigan State University.
We compared the recording of seizures in all 3 data sources, and also examined whether seizures for which the mother recollected use of antiseizure medication before the newborn's hospital discharge were more likely to be confirmed by discharge abstracts than when mothers did not report such use. We further assessed whether seizure recording was more reliable in term or preterm infants. 212 excluded without access to all three sources of information.
358 children had maternal interview response "yes or no" to the question on neonatal seizures after excluding 14 responses of "Don't know"; 341 children had maternal interview response "yes or no" to the question on use of anti-seizure medication before the newborn's hospital discharge after excluding 31 responses of "Don't know". 
Statistical Analysis and Evaluation
Descriptive statistics were computed for study variables. T-test was performed for maternal age at delivery; Chi-square tests were used for all other variables. Using the kappa (k) option of PROC FREQ procedure in SAS version 9.4 (SAS Institute Inc, Cary, NC), we calculated the kappa statistic (k) to measure the agreement between recording methods compared to the agreement expected by chance alone. [35] [36] [37] In a 4-fold table with a, b, c, and d cells and a sum of these counts N, 1 type of kappa paradox can present as a low k value but a high percentage recorded total agreement (aþd)/N. 38, 39 This paradox can occur with a large count in d cell but small counts in other 3 cells in our data, where the marginal totals are highly symmetrically unbalanced. 38, 39 To better understand findings and show the proportionate agreement in the recorder's positive and negative results, positive agreement and negative agreement were reported to accompany k. Because the number of seizures recorded on birth certificates was so low (n ¼ 1), we restricted our attention to comparisons of abstracts to interviews. We further calculated the sensitivity of the birth certificate using (1) discharge abstract or (2) either discharge abstract or maternal interview as a gold standard.
Results
Twenty-three children (6.2%) were born in 2008 or later, and their births were recorded using the 2003 revision of the birth certificate; the remaining births were recorded on the 1989 revision of the birth certificate. The average age of child at maternal interview was 8 years. Compared to children excluded from the overall case-control study, subjects in this study of neonatal seizures were more likely to be born preterm, to have cerebral palsy, and to be born since 2000 (Table 1 ). These features likely indicate more complete recording in children in intensive care, and better availability of more recent records. We identified 38 records (in 27 newborns) of neonatal seizures recorded in at least 1 of the 3 sources (Table 2) . Seventeen seizures were reported in discharge abstracts, 20 in maternal interviews, but just 1 seizure was noted on a birth certificate, which was the 1989 revision. The sensitivity of the birth certificate was 5.9% (1/17) using discharge abstract and 3.7% (1/27) using either discharge abstract or maternal interview as a gold standard. Term birth (15/27 ¼ 56%) was over-represented among subjects with seizures, compared to subjects without seizures (127/345 ¼ 38%).
After excluding 14 responses of ''Don't know,'' 358 children had maternal interview responses of ''yes or no'' to the question on neonatal seizures. Table 3 , section 1, compares the recording of seizures in interviews and hospital discharge abstracts. Ten seizures were recorded only in interviews, and 5 only in discharge abstracts, while 10 were recorded in both sources. This yielded a moderate 35, 36 kappa coefficient of 0.55 (P < .001; positive agreement, 0.57; negative agreement, 0.98). After excluding 31 responses of ''Don't know,'' 341 children had maternal interview response ''yes or no'' to the question on use of antiseizure medication before the newborn's hospital discharge. Mothers reported 14 children with both neonatal seizures and antiseizure medication. Nine of these seizures were also recorded in discharge abstracts ( Table 3 , section 2). For this subgroup, the kappa coefficient between interview and abstract was substantial 0.63 (P < .001; positive agreement, 0.64; negative agreement, 0.98). Table 4 shows that agreement was considerably better in children who had been born at term (k ¼ 0.71; P < .001; positive agreement, 0.73; negative agreement, 0.98) than born preterm (k ¼ 0.29; P < .001; positive agreement, 0.31; negative agreement, 0.98), likely reflecting the greater ease of seizure diagnosis in the term infant.
Kappa coefficients, surprisingly, were slightly higher among mothers with longer recall time: 0.48 (positive agreement, 0.50; negative agreement, 0.98) for 2-5 years, 0.55 (positive agreement, 0.57; negative agreement, 0.98) for 6-10 years, and 0.59 (positive agreement, 0.62; negative agreement, 0.98) for 11-16 years (all P < .001, not tabulated).
Comment
Compared to discharge abstracts and maternal interviews, Michigan birth certificates significantly underrecorded neonatal seizures among a sample of births born in hospitals. Among 38 neonatal seizures recorded in 3 sources, only 1 was found on the child's birth certificate. Maternal interviews were of value in ascertaining neonatal seizures, even many years after the event, correlating moderately with discharge abstracts, especially if mother recollected antiseizure medication use, and even more so if the infant was born at term. Maternal recollection of first-day seizures did not become less reliable with time over a span of 2-16 years, in these data.
Our finding of low sensitivity of the birth certificate in recording neonatal seizures (3.7%-5.9% depending on seizure denominator used) is similar to the findings of other studies. A population-based study in Kentucky reported a 37% sensitivity of birth certificate seizure diagnosis. 25 The gold standard for seizure diagnosis in that study was a consensus of the diagnosis of seizures ascertained from hospital discharge diagnoses, death certificates and medical record review. A case-control study in Tennessee in 1989 also found poor recording of seizures on birth certificates. Sensitivity was 4.6% compared to hospital medical records, and false positives were also common. The positive predictive value was only 37.5%. 29 In a population-based study in Harris County, Texas, birth certificates from 1992 to 1994 recorded only 14 of 207 cases ascertained through discharge diagnoses, birth and death certificates, and the concurrent study of neonatal seizures. 9 The recording of neonatal seizures is affected by several factors. Neonatal seizures are difficult to accurately diagnose, 40 particularly in premature infants, a significant fraction of our study population. The cortex of preterm births may not be developed enough to show the usual clinical motor manifestations of seizure activity seen in term births; seizures in these infants are also less likely to be assessed by electroencephalography. 41 This diagnostic difficulty may explain the lower kappa for seizures in premature infants.
Neonatal seizures are recorded by hospital discharge abstractors primarily for administrative purposes, relying on regulations and practice standards in the ICD-9-CM Official Guidelines for Coding and Reporting, 42 which can prioritize the recording of events that prolong hospital stay or increase the requirement for nursing care. Other institutional factors that may affect recording of seizures include the nature of the personnel assigned reporting responsibility, and birth setting (eg, hospital, birthing center or home) as well as the total number of diagnoses reported in the dataset. Timing is also an issue, because most birth certificate reports are prepared within a day or 2 of the birth. Although Michigan law allows up to 5 days for reporting a birth, the requirement for parental signature on the birth certificate makes it likely that most certificates are completed prior to maternal discharge from hospital, generally in the first 48-72 hours. Therefore, the full 5 days are rarely available for data entry. Our evaluation is distinctive in drawing data from 3 sources: birth certificates, hospital discharge abstracts, and maternal interviews, and in studying a population at high risk for newborn seizures, because it is composed of cases of cerebral palsy and controls weighted toward lower gestational ages (because of matching to cases on that variable). The prevalence of reported seizures in our study sample was at least 3% (counting only the 11 cases agreed on by abstract and interview), or as high as 7.3% (counting the 27 total cases reported in either source), which is about 8 to 20 times higher than found in the general population.
However, this study has several limitations. First, we did not have full medical records to review. Second, neonatal seizures by definition are seizures in the first 28 days, but most children are discharged well before that age, and such late or postdischarge neonatal seizures cannot be recorded in either birth certificate or birth hospital discharge abstract. Although a sizeable fraction of neonatal seizures occur in the first 3 days of life, 9, 10 recording of neonatal seizures in our study is affected by the variable time period of observation covered by each of our data sources. The error introduced by the nonoverlapping time frames of neonatal seizure occurrence may lead to ascertainment differences that could reduce the extent of agreement in seizure recording in our study, and thus the level of agreement we measured could be an underestimate of true agreement. Third, comparison of our study with other studies may be complicated by differences in characteristics of the underlying populations, seizure definitions, and variable periods of observation and/or recording and recall in the newborn period.
Birth certificate data quality improvement efforts might best focus on leveraging the dramatic growth in the development and standardization of electronic medical records. This invites developing procedures to populate medical items within the birth certificate data directly from the hospital electronic medical records, something that the National Center for Health Statistics and the National Association for Public Health Statistics and Information Systems are already working to devise and test. This may be the shortest path to addressing longstanding issues with the data quality of selected birth certificate items. Initiatives in this area include developing standardized electronic messaging of newborn information to facilitate birth reporting. 43 Such approaches hold the promise of significantly improving birth certificate data while reducing the ''double entry'' of medical data by hospital staff, as well as providing the potential for longer periods of data checking and integration of medical professionals through electronic access to certificates prior to signature verification. Meanwhile, maternal interviews were of value in ascertaining neonatal seizures even many years after the event in this small study; the durability of maternal recall deserves further investigation.
